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ELECTROOTeriRCUIT, ELECTRO-OPTICAL DEVICE, METHOD FOR DRIVING 
ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 



BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to an electronic circuit, an electro-optical 
device, a method for driving the electro-optical device, and an electronic apparatus. 

2. Description of Related Art ^ u ck c$e*^<»« k«r-> cjiwe^, 
[0002] Recently,f3isplay^ an electro-optical device including an 

organic EL element ba^e»been reeeraag aaentton For this type of electro-optical devices, 
various types of analog-gray-scale-modulation methods can be used as a driving method for 
controlling the gray scale of the organic EL element. According to one of the analog-gray- / 
scale-modulation methods, the voltage between the gate and source of a driving transistor 
rendered as the threshold voltage thereof for driving, the driving transistor being provided for 
transmitting a current to the organic EL element. According to this method, a voltage (a data 
voltage) transmitted from a DA-converter circuit according to the luminance gray scale is 
held in a holding capacitor of a pixel circuit. The data voltage charged in the holding 
capacitor is transmitted to a gate terminal of the driving transistor formed of a thin- film 
transistor (TFT). The driving transistor transmits a drive current with a value corresponding 
to the data voltage to the organic EL element. 

[0003] It is difficult to form the DA-converter circuit with precision by using the 
thin- film transistor (TFT) forming the pixel circuit, the DA-converter circuit being used in the 
case where the analog-gray-scale-modulation method is applied. Therefore, in general, the 
DA-converter circuit is formed by using an external IC driver. 

[0004] However, the electrical power consumption of the DA-converter circuit 
formed of the external IC driver is larger than that of a TFT-driver circuit formed on a display 
panel. In this case, a digital-gray-scale-modulation method may be used according to the 
reason described below. Since the digital-gray-scale-modulation method does not require the 
use of the DA-converter circuit for generating a multilevel value (an analog value), the ^ 
electrical-power consumption can be reduced. However, the display quality obtained 
according to the digital-gray-scale-modulation method is lower than that in the case where 
the analog-gray-scale-modulati on^tf6 tEod is applied. 5u/Wl4^y T[i& '^fi 

[0005] The present invention has beeiHlclucvod for solving the above-described 
problems.^HSfe object of the present inventionitfio provide an electronic circuit that can 
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achieve adequate display quality by a small amount of electrickl power, an electro-optical 
device, a method for driving the electro-optical device, and an ehs^tronic apparatus. 

SUMMARY OF THE INVENTION 

[0006] An electronic circuit of the present invention i sompfio ea a first transistor that 
becomes conductive when a scan line is selected, a capacitive element for holding an 
electrical-charge amount according to a data signal transmitted from a data line via the first 
transistor, and a second transistor whose conduction state is controlled, based on the^ t?£ 
electrical-charge amount held in the capacitive element^ie second transistor^^g used for 
transmitting a current amount corresponding to the conduction state to an electronic element. 
The electrical-charge amount according to the data signal can be accumulated in the 
capacitive element in the case where either a two-level-data voltage or a multilevel-data 
voltage is transmitted as the data signal. 

[0007] Accordingly, either the two-level-data voltage or the multilevel-data voltage 
can be used as required, whereby a gray-scale image can be presented according to the 
digital-gray-scale-modulation method and the analog- gray-scale-modulation method. As a 
result, the digital-gray-scale-modulation method ^selected in the case where high display 
quality is not required and a small amount of electrical power is consumed. On the other 
hand, the gray-scale image can be presented according to the analog-gray-scale-modulation 
method in the case where high display quality is required. 

[0008] In this electronic circuit, the two-level-data voltage and the multilevel-data 



voltage are transmitted via the first switching transistor. 



[0009] Accordingly, the two-level-data voltage is transmitted to the capacitive 
element via the first switching transistor for performing the digital-gray-scale modulation, 
and the multilevel voltage is transmitted to the capacitive element via the first switching 
transistor for performing the analog- gray-scale modulation. 

[0010] This electronic circuit further comprises a third transistor for resetting the 
electrical-charge amoun t held in the capacitive element. 



[0011] Accordingly, the two-level-data voltage held in the capacitive element is 
reset by the third transistor, and the capacitive element waits until the next two-level-data 

voltage is transmitted thereto. Ca H mcIo 

[0012] The electronic circuit further ^omf?fiGe g- a fourth transistor that becomes 
conductive, based on the multilevel-data voltage, and that is connected between the gate and 
drain of the second transistor, the fourth transistor being used for compensating the threshold 
voltage of the second transistor. ^ 
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[0013] ^Accordingly, variations in threshold voltage of the second transistor are 
compensated by the fourth transistor, whereby the second transistor can become conductive 
according to the multilevel-data voltage without being affected by the threshold voltage 
thereof 

[0014] The electronic circuit further comprises a fifth transistor that becomes 
conductive, based on the multilevel-data voltage, and that determines the timing of driving 
the electronic element. *~ 

[0015] C Accordingly, a current amount according to the conduction state on the basis 
of the multilevel-data voltage of the second transistor is transmitted to the electronic element 
by the fifth transistor, whereby the electronic element is driven. 

[0016] The electronic element used in the electronic circuit is an EL element. 

[0017] ^ Accordingly, the EL element emits light according to the conduction state of 
the second transistor. t ' *> Aa_ 

[0018] The EL element in this electronic circuit Has a light-emission layer formed 
of an organic material. cr/v Ve c ^ft^ rgA l^**- 

[0019] The EL element 4§an organic EL element^mrag the light-emission layer 
formed of the organic material. i^ c (u Ae. 

[0020] An electro-optical device of the present invention c oi 1 fiprioc s a plurality of 
scan lines, a plurality of data lines, a plurality of unit circuits, a first data- voltage output 
circuit for outputting a two-level-data voltage as a data signal to each of the plurality of unit 
circuits via the plurality of data lines, and a second data- voltage output circuit for outputting a 



multilevel-data voltage to each of the plurality of unit circuits via the plurality of data lines. 

[0021] ^ Subsequently, the digital-gray-scale modulation can be performed by 
inputting the two-level-data voltage via the first data- voltage output circuit, and the analog- 
gray-scale modulation can be performed by inputting the multilevel-data voltage via the 
second data- voltage output circuit. 
O** ^ C [0022] In the electro-optical device, the two-level-data voltage and the multilevel- 
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data voTta^t^ transmitted via one and the same data line. 

[0023] 'Therefore, the two-level-data voltage and the multilevel-data voltage are 
transmitted via one and the same data line in the case where either the digital-gray-scale 
modulation or the analog-gray-scale modulation is performed. 

[0024] In the electro-optical device, the two-level-data voltage and the multilevel- 
data voltage are transmitted via the data lines that are different from each other. 



[0025] ^Therefore, the data line through which the two-level-data voltage is 
transmitted to the unit circuit in the case where the digital-gray-scale modulation is 
performed is different from that through which the multilevel-data voltage is transmitted to 



[0026] An electro-optical device of the present invention c ompris es a plurality of 
scan lines, a plurality of data lines provided so as to cross the scan lines, a unit circuit that is 
provided so as to correspond to each of the intersections of the scan lines and the data lines 
and that transmits a drive current according to a data voltage transmitted via the data line to 
an electro-optical element, and'control fia^eraHOT- gcnorating and qutputtihg either a two- 
level-data voltage for applying digital-gray-scale modulation to the electro-optical element or 
a multilevel-data voltage for applying analog- gray-scale modulation to the electro-optical 
element, based on image data. J^, ^ 

[0027] Accordingly, the control vcfetms can present a gray-scale image according to 
two methods, that is to say, by applying the digital-gray-scale modulation to the electro- 
optical element and applying the analog-gray-scale modulation to the electro-optical element. 
As a result, the digital-gray-scale modulation is selected in the case where high display 
quality is not required and a small amount of electrical power is consumed. On the other 
hand, the gray-scale image can be presented by the analog-gray-scale modulation in the case 
where high display quality is required. ccu> f% c fo ^ 



[0028] The unit circuit in the electro-optical device (Compri ses a first transistor that 
becomes conductive when the scan line is selected, a capacitive element for holding either a 
two-level-data voltage for digital-gray-scale modulation or a multilevel-data voltage for 
analog-gray-scale modulation transmitted from the data line via the first transistor as an 
electrical-charge amount, and a second transistor whose conduction state is controlled, based 



on the electrical-charge amount held in the capacitive elemen^he second transistor feeing 
used for transmitting a current amount corresponding to the conduction state to the electro- 
optical element. 

[0029] Accordingly, the capacitive element holds the two-level-data voltage in the 
case where the digital-gray-scale modulation is performed. The second transistor becomes 
conductive and non-conductive, based on the two-level-data voltage held in the capacitive 
element. The capacitive element holds the multilevel-data voltage in the case where the 
analog-gray-scale modulation is performed. The second transistor becomes conductive 
according to the multilevel-data voltage held in the capacitive element. 



the unit circuit in the case where the analog-gray-scale modulation is performed, 
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[0030] The unit circuit in the electro-optical devicefrurther ctfaapisiees a third 
transistor for resetting the electrical-charge amount held in the capacitive element. *~ 



[0031] ^Therefore, the two-level-data voltage held in the capacitive element is reset 
by the third transistor, and the capacitive element waits until the next two-level-data voltage 
is transmitted. /Ca^ ^v> 



c 

[0032] In the electro-optical device, the unit circuitfarther ^ o iyf jiioes a fourth 
transistor for compensating the threshold voltage of the second transistor, the fourth transistor 
being connected betwegj>thS~gate aiftiyirain of the second transistor when the analog- gray- 
scale modulation .^performed. 

[0033] * Accordingly, variations in threshold voltage of the second transistor are 
compensated by the fourth transistor, whereby the second transistor becomes conductive 
according to the multilevel-data voltage without being affected by the threshold voltage 
thereof 

[0034] The unit circuit of the electro-optical device further comprises a fifth 
transistor for determi ning the timing of driving the eler.fro-optjnalfllement.^^^ 

[0035] ^Therefore, the fifth transistor transmits a current amount according to the 
conduction state on the basis of the multilevel-data voltage of the second transistor to the 
electro-optical element, whereby light emission is started. 

[0036] The electro-optical element in the electro-optical device is an EL element. 

[0037] ^Therefore, the EL element emits light according to the conduction state of 
the second transistor. 

[0038] The EL element in the electro-optical device has a light-emission layer 
formed of an organic material. 

[0039] Therefore, the EL element is an organic EL element having the light- 
emission layer formed of the organic material. J^yi cjc* 

[0040] In the electro-optical device, the control i^eans generate^ the two-level-data 
voltage for applying the digital-gray-scale modulation to the electro-optical element in low- 
electrical-power-consumption mode and the multilevel-data voltage for applying the analog- 
gray-scale modulation to the electro-optical element in non-low-electrical-power- 
consumption mode for driving the electro-optical element. * ^ 

[0041] ^Therefore, the control means can present the gray-scale image by applying 
digital-gray-scale modulation to the electro-optical element in low-electrical-power- 
consumption mode and applying analog-gray-scale modulation to the electro-optical element 
in non-low-electrical-power-consumption mode. 
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[0042] In the electro-optical device, the control ^&eaas generate^the two-level-data 
voltage for applying the digital-gray-scale modulation to the electro-optical element when the 
image data is first display data and the multilevel-data voltage for applying the analog-gray- 
scale modulation to the electro-optical element when the image data is second display data 
whose display quality is higher than that of the first display data for driving the electro- 
optical element . *z JtAFtcci 

[0043] ^Therefore, the control riS«ans can present the gray-scale image by applying 
digital-gray-scale modulation to the electro-optical element in the case where high display 
quality is not required and applying analog-gray-scale modulation to the electro-optical 
element in the case where the high display quality is required. c^euic-*- ,%A c '° 

[0044] In the electro-optical device, the control na^^s^dfc^j^d^a two-level-data- 
voltage generation circuit for generating the two-level-data voltage for applying the digital- 
gray-scale modulation to the electro-optical element, and a multilevel-data- voltage generation 
circuit for generating the multilevel-data voltage for applying the analog-gray-scale 
modulation to the electro-optical element. ' 

[0045] therefore, the two-level-data-voltage generation circuit generates the two- 
level-data voltage for performing the digital-gray-scale modulation. Further, the multilevel- 
data voltage is generated in the multilevel-data- voltage generation circuit for performing the 
analog-gray-scale modulation. cA^ ^x+L*- 

[0046] The electro-optical device'fUrther Gtimpprees a first output circuit for 

outputting the two-level-data voltage transmitted from the two-level-data- voltage generation 

circuit and a second output circuit for outputting the multilevel-data voltage transmitted from 

the multilevel-data- voltage generation circuit between the control nis&ns and each of the data 

^ Co~ Va- 
line, and further -ctimpriaes-a switching circuit for outputting either the two-level-data voltage 

from the first output circuit or the multilevel-data voltage from the second output circuit to 

the data line. <- ^~ - 

[0047] ^Therefore, through the use of the switching circuit, the two-level-data 
voltage is output from the first output circuit to the data line in the case where the digital- 
gray-scale modulation is performed and the multilevel-data voltage is output from the second 
output circuit to the data line in the case where the analog-gray-scale modulation is 
performed. 

[0048] In the electro-optical device, the digital-gray-scale modulation is time-ratio 
gray-scale modulation. ^ 




[0049] Therefore, in the case of this electro-optical element, the gray scale is 
controlled according to the time-ratio gray-scale method. C<z~< b t 

[0050] In the electro-optical device, the time-ratio gray-scale modulation^ 
performed by writing the two-level-data voltage into the unit circuit corresponding to one of 
the scan lines selected in sequence and starting transmission of a current with a level 
according the two-level-data voltage to the electro-optical element at the same instant, and 
stopping the current transmission to the electro-optical element after a predetermined time. 

[0051] ^Therefore, in the case of this electro-optical element, the two-level-data 
voltage is written into the unit circuit corresponding to one of the scan lines selected in 
sequence. At the same instant, transmission of a current with a level according to the two- 
level-data voltage to the electro-optical element is started. The current transmission is 
stopped after the predetermined time, whereby the gray scale is controlled. 

[0052] « Aooording-to ^method for driving an electro-optical device Gy^|mimg a 
plurality of scan lines, a plurality of data lines provided so as to cross the scan lines, and a 
unit circuit that is provided so as to correspond to each of the intersections of the scan lines 
and the data lines and that transmits a drive current according to a data voltage transmitted 
via the data line to an electro-optical element, the electro-optical element ^j^SnverTby^ * 
generating a two-level-data voltage for applying digital-gray-scale modulation to the electro- 
optical element in low-electrical-power-consumption mode and a multilevel-data voltage for 
applying analog-gray-scale modulation to the electro-optical element in non-low-electrical- 
power-consumption mode. 



[0053] ^Subsequently, in the case where this electro-optical element is used, the gray 
scale is controlled by performing the digital-gray-scale modulation in low-electrical-power- 
consumption mode and performing the analog-gray-scale modulation in non-low-electrical- 
power-consumption mode. A ^\r\G<J<<ij 

[0054] Aeoordi ft Q to /method for driving an electro-optical device G effiprnrrn g a 
plurality of scan lines, a plurality of data lines provided so as to cross the scan lines, and a 
unit circuit that is provided so as to correspond to each of the intersections of the scan lines 
and the data lines and that transmits a drive current according to a data voltage transmitted 
via the data line to an electro-optical element, the electro-optical element ^raHven by n 4u 

generating a two-level-data voltage for applying digital-gray-scale modulation to the electro- 
optical element when image data is first display data and a multilevel-data voltage for 
applying analog-gray-scale modulation to the electro-optical element when the image data is 
second display data whose display quality is higher than that of the first display data. 



[0055P — Therefore, in the case of this electro-optical element, the gray scale is 
controlled by performing the digital-gray-scale modulation in the case where high display 
quality is not required and performing the analog-gray-scale modulation in the case where 
high display quality is required. 

[0056] According to this method for driving the electro-optical device, the digital- 
gray-scale modulation is time-ratio gray-scale modulation. ,— ^> 

[0057] * Therefore, in the case of this electro-optical element, the gray scale is 
controlled by the time-ratio gray-scale modulation. 

[0058] According to the method for driving the electro-optical device, the time-ratio 
gray-scale modulation is performed by writing the two-level-data voltage into the unit circuit 
corresponding to one of the scan lines selected in sequence and starting transmission of a 
current with a level according the two-level-data voltage to the electro-optical element at the 
same instant, and stopping the curre nt transmission to the electro-optical element after a 

predetermined time. ^ 

[0059] ^Therefore, the two-level-data voltage is written into the unit circuit 
corresponding to one of the scan lines selected in sequence. At the same instant, transmission 
of a current with a level according the two-level-data voltage to the electro-optical element is 
started. The current transmission to the electro-optical element is stopped after the 
predetermined time, whereby the gray scale is controlled. l^v*- 

[0060] An electronic apparatus of the present invention an electro-optical 
device according to rilny one of Claimo 8 to 23 mounted thereon. ^ 

[0061] Accordingly, adequately high display quality can be achieved by a small 
amount of electrical power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIG. 1 is^block-circuit diagram showing the circuit configuration of an 
organic EL display, the block-^ircu^ provided for illustrating a first 

embodiment of the present inventionJTL ©ce*np tar y 

[0063] FIG. 2 is^Circuit diagram showing the internal-circuit configuration of a 
pixel circuit and that of a data-line driving circuit, the circuit diagram being provided for 
illustrating the first embodimen^ *j 

[0064] FIG. 3 illustrates time-ratio gray-scale modulation according to the first 
embodiment^ ) 

[0065] FIG. 4 illustrates timing charts illustrating scan-line selection performed in 
the case where the time-ratio gray-scale modulation is performec^ * 
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[0066] FIG. 5 illustrates timing charts illustrating scan-line selection performed in 
the case where analog-gray-scale modulation is performed^ j 

[0067] FIG. 6 is i^ircuit diagram illustrating a pixel circuit according to a second 
embodiment eice^pfe^ 

[0068] FIG. 7 is £<circuit diagram illustrating a pixel circuit according to a third 
embodimen^ ^ 

[0069] FIG. 8 is a perspective view of a mobile personal computer, the perspective 
view being provided for illustrating a fourth embodiment^ 

[0070] FIG. 9 is a perspective view of a mobile phone, the perspective view being 
provided for illustrating the fourth embodiment * 

[0071] FIG. 10 is^circuit diagram of another pixel circuit according to the first 
embodiment^ ") """^ ^ j^. ^CK€^p(<Oy 

[0072] FIG. 1 1 is^ckCmf^gr^ pixel circuit according to the second 

embodimen^ *j A 

[0073] FIG. 12 is / )(crfrcuit diagram of another pixel circuit according to the third 
embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
/'i^I^^^ 

[0074] A first embodiment of the present invention will be described with reference 
to FIGs. 1 to 3. cf*\ <2jce~* P lyf 

[0075] FIG. 1 isytfolock-circuit diagram illustrating the electrical configuration of 
an organic EL display 10 functioning as an electro-optical device. According to this drawing, 
the organic EL display 1 0 is a display that can present a gray-scale image by either digital- 
gray-scale modulation or analog-gray-scale modulation. More specifically, the digital-gray- 
scale modulation is time-ratio gray-scale modulation according to this embodiment. 
According to this time-ratio gray-scale modulation, the two-level-data voltage is written into 
a pixel circuit corresponding to one of scan lines that are selected in sequence. At the same 
instant, transmission of a current with a level according to the two-level-data voltage to an 
electro-optical element is started. After a predetermined time elapsed, the current 
transmission to the electro-optical element is stopped, whereby a 64-gray-scale image is 
presented. In the case where the analog-gray-scale modulation is performed, the voltage 
between the gate and source of a driving transistor is rendered as the threshold voltage 
thereof for driving. The driving transistor transmits a current to the electro-optical element, 
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the current having a level corresponding to a multilevel-data voltage. Accordingly, the gray- 
scale image is presented. 

[0076] In the case where the time-division gray-scale modulation is performed, 
scanning (one frame) performed for displaying one image is divided into six frames. The six 
divided frames are referred to as sub frames SF1 to SF6. In the sub frames SF1 to SF6, the 
scan lines are selected in sequence. At the instant when the scan lines are selected, organic 
EL elements on each selected scan line emit light. Then, the organic EL elements go out in 
sequence, after a predetermined time (a light-emission time) elapsed, respectively. 

[0077] The sub frames SF1 to SF6 include light-emission time-periods TL1 to TL6, 
respectively. These light-emission time-periods TL1 to TL6 are specified as below. 

[0078] 32TL1 =1 6TL2=8TL3=4TL4=2TL5=TL6 

[0079] The ratio among the light-emission time-periods is determined as below. 
[0080] TL1:TL2:TL3:TL4:TL5:TL6=1:2:4:8:16:32 

[0081] For obtaining "7"-luminance gray scale, the pixel circuits are driven within a 
time period from the first sub frame SF1 to the third sub frame SF3 so that the organic EL 
elements emit light, and the pixel circuits are stopped within a time period from the fourth 
sub frame SF4 to the sixth sub frame SF6 so that the organic EL elements go out. 

[0082] For obtaining "32"-luminance gray scale, the pixel circuits are driven within 
the sixth sub frame SF6 so that the organic EL elements emit light, and the pixel circuits are 
stopped within a time period from the first frame SF1 to fifth sub frames SF5 so that the 
organic EL elements go out. 

[0083] For obtaining ,, 44 ,, -luminance gray scale, the pixel circuits are driven within 
the third sub frame SF3, the fourth sub frame SF4, and the sixth sub frame SF6 so that the 
organic EL elements emit light. Then, the pixel circuits are stopped within the first sub frame 
SF1, the second sub frame SF2, and the fifth sub frame SF5 so that the organic EL elements 
go out. 

[0084] As described above, the gray scale can be obtained by selecting suitable sub 
frames among the sub frames SF1 to SF6 per one frame. 

[0085] According to FIG. 1, the organic EL display 10 includes a display panel 11, 
a scan-line driving circuit 12, a data-line driving ci rcuit 13, and a control circu it 14. 

[0086] The display panel 11, the scan- line driving circuit 12, the data- line driving 
circuit 13, and the control circuit 14 that are included in the organic EL display 10 may be 
formed as electronic parts that are independent of one another. For example, the scan-line 
driving circuit 12, the data-line driving circuit 13, and the control circuit 14 may be formed as 
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a semiconductor integrated circuit on a chip. Further, all or part of the display panel 1 1, the 
scan-line driving circuit 12, the data-line driving circuit 13, and the control circuit 14 may be 
integrated into one electronic part. For example, the data-line driving circuit 1 3 and the scan- 
line driving circuit 12 may be integrated into the display panel 11. All or part of the scan-line 
driving circuit 12, the data-line driving circuit 13, and the control circuit 14 may be integrated 
into a programmable IC chip. In this case, the functions of these parts may be realized by 
software, that is, a program written into the IC chip. 
r [0087] The display panel 1 1 has a plurality of pixel circuits 20 arranged in a matrix 

^form, as shown in FIG. 1. The pixel circuits 20 function as electronic circuits and/or unit 



circuits, -fl iltl i^ tu sa^ the pixel circuits 20 are provided in positions corresponding to the 
intersections of a plurality of (m) data lines XI to Xm (m is an integer), the data lines 
extending in a direction along the rows of the display panel 11, and a plurality of (n) scan 
lines Yl to Yn (n is an integer), the scan lines extending in a direction along the columns of 
the display panel 1 1 . Since each of the pixel circuits 20^sconnected between one of the data 
lines XI to Xm corresponding thereto and one of the scan lines Yl to Yn corresponding 
thereto, the pixel circuits 20 are arranged in a matrix form. Each of the pixel circuit 20 has an 
organic EL element 21 functioning as an electronic element or an electro-optical element. 
The organic EL element 21 has a light-emission layer formed of an organic material. 
Transistors that will be described later and that are formed in each pixel circuit 20 are usually 
formed as a thin-film transistor (^FTy^^^-^ Q(gy*p(&ry 

[0088] FIG. 2 is ^rf^Iectrical-circuit diagram illustrating the internal configuration 
of the pixel circuit 20. For convenience, the pixel circuit 20 that is provided at a point 
corresponding to the intersection of m-th data line Xm and n-th scan line Yn and that is 
connected between the data line Xm and the scan line Yn will be described. 

[0089] The pixel circuit 20 includes a driving transistor Ql, a switching transistor 
Q2, a resetting transistor Q3, a compensation transistor Q4, a starting transistor Q5, and a 
holding capacitor CI and a capacitor C2 functioning as capacitive elements. 

[0090] Each of the switching transistor Q2 functioning as a first transistor, the 
resetting transistor Q3 functioning as a third transistor, the compensation transistor Q4 
functioning as a fourth transistor, and the starting transistor Q5 functioning as a fifth 
transistor is formed of an N-channel FET. The driving transistor Ql functioning as a second 
transistor is formed of a P-channel FET. 

[0091] A drain of the driving transistor Ql is connected to the anode of the organic 
EL element 21 via the starting transistor Q5, and a source of the driving transistor Ql is 
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connected to a power line LI to which a power voltage VOEL is supplied. The holding 
capacitor CI is connected between the gate of the driving transistor Ql and the power line 
LI . The compensation transistor Q4 is connected between the gate and drain of the driving 
transistor Ql. A gate of the compensation transistor Q4 is connected to a second sub-scan 
line Yn2 forming the scan line Yn. A second scan signal SCn2 is input from the second sub- 
scan line Yn2. 

[0092] The gate of the driving transistor Ql is connected to the data line Xm via the 
capacitor C2 and the switching transistor Q2. A gate of the switching transistor Q2 is 
connected to a first sub-scan line Ynl forming the scan line Yn. A first scan signal SCnl is 
input from the first sub-scan line Ynl . The resetting transistor Q3 is connected in parallel to 
the holding capacitor CI . A gate of the resetting transistor Q3 is connected to a fourth sub- 
scan line Yn4 forming the scan line Yn. A reset signal SRESTn is input from the fourth sub- 
scan line Yn4. A gate of the starting transistor Q5 is connected to a third sub-scan line Yn3 
forming the scan line Yn. A third scan signal SCn3 is input from the third sub-scan line Yn3. 

[0093] In the above-described pixel circuit 20, a two-level data voltage is written 
into the pixel circuit 20 corresponding to one of the scan lines selected in sequence. At the 
same instant, transmission of a current with a level corresponding to the two-level-data 
voltage to the organic EL element 21 is started. After a predetermined time period elapsed, 
the current transmission to the organic EL element 2 1 is stopped. Accordingly, time-division 
gray scale is achieved. More specifically, as shown in FIG. 4, the compensation transistor Q4 
is held in a non-conduction (off) state and the starting transistor Q5 is held in a conduction 
(on) state in the sub frames SF1 to SF6, based on the second scan signal SCn2 and the third 
scan signal SCn3. Then, in the sub frames SF1 to SF6, the first scan signal SCnl and the 
reset signal SRESTn are output for having on-and-off control over the switching transistor 
Q2 and the resetting transistor Q3 in predetermined timing. Subsequently, the gray scale is 
presented according to the digital-gray-scale modulation method. 

^ f [0094] ^hat - ia to sjy ^when the scan signal SCnl is output to the first sub-scan line 
Ynl in the state where the compensation transistor Q4 is held in the non-conduction state and 
the starting transistor Q5 is held in the conduction state, the switching transistor Q2 is turned 
on. When the switching transistor Q2 is turned on, an electrical-charge amount 
corresponding to two-level digital data VDGDATAm is accumulated in the holding capacitor 
CI. The digital data VDGDATAm is output from the data line Xm, and the value thereof is 
of two level, that is, either "L level" or "H level". This digital data VDGDATAm that can be 
at either the "L level" or the "H level" is data for turning the driving transistor Ql on or off. 
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The holding capacitor CI holding the digital data VDGDATAm keeps holding this digital 
data VDGDATAm that had been accumulated even though the scan signal SCnl is lost and 
the switching transistor Q2 is turned off. 

[0095] The driving transistor Ql is controlled so as to be in an on state or an off 
state according to the nature of the accumulated digital data VDGDATAm. When the driving 
transistor Ql is in the on state, a drive current is transmitted to the organic EL element 21. 
Subsequently, the organic EL element 21 emits light. Conversely, when the driving transistor 
Ql is in the off state, the drive current transmission stops, and the organic EL element 21 
stops emitting light. 

[0096] When a reset signal SRESTn is output to the fourth sub-scan line Yn4, the 
resetting transistor Q3 shifts from the off state to the on state. When the resetting transistor 
Q3 is in the on state, a power voltage VOEL is applied from the power line LI to the holding 
capacitor CI via the resetting transistor Q3. Subsequently, the digital data VDGDATAm is 
erased and the potential of the gate of the driving transistor Ql becomes equivalent to the 
potential of the power voltage VOEL. That is to say, the holding capacitor CI is reset. 

[0097] When the holding capacitor CI is reset, the driving transistor Ql enters the 
off state, and the organic EL element 21 that is emitting light, based on the digital data 
VDGDATAm, stops emitting light and waits until the next light-emission operation. That is 
to say, in the case where the time-division gray-scale modulation is performed, the time 
periods TL1 to TL6 where the organic EL element 21 of each pixel circuit 20 emits light is 
the time frame from when the scan signal SCnl is output until the reset signal SRESTn is 
output. 

[0098] In the pixel circuit 20, analog-gray-scale modulation is performed by 
rendering the voltage between the gate and source of the driving transistor Ql as the 
threshold voltage of the transistor Ql for driving. As shown in FIG. 5, the resetting transistor 
Q3 is kept in the non-conduction state, based on the reset signal SRESTn. Then, the first to 
third scan signals SCnl to SCn3 for having on-and-off control over the switching transistor 
Q2, the compensation transistor Q4, and the starting transistor Q5 in predetermined timing 
are output. Subsequently, the gray scale is presented through the analog-gray-scale 
modulation. cf^tr tvar<4 



[0099] That ia to say , when the H-level scan signal SCnl is output to the first sub- 
scan line Ynl during the resetting transistor Q3 is in the non-conduction state, the switching 
transistor Q2 enters the on state. At this time, the bias voltage (=VOEL) placed on the data 
line Xm is applied to the capacitor C2 via the switching transistor Q2. Further, in the 
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previous cycle period (before the H-level scan signal SCnl is output), since the starting 
transistor Q5 is in the on state due to the H-level scan signal SCn3 that is output to the third 
sub-scan line Yn3, a current can flow into the organic EL element 21. Therefore, the drain 
potential of the driving transistor Ql is adequately close to the ground potential of the organic 
EL element 21. That is to say, the drain potential of the driving transistor Ql adequately 
tends in a minus direction, so that the driving transistor Ql is kept in an open state. 

[0100] Then, when the scan signal SCn2 that is output to the second sub-scan line 
Yn2 shifts from the L level to the H level, the compensation transistor Q4 enters the on state. 
Further, the scan signal SCn3 that is output to the third sub-scan line Yn3 is lost (shifted to 
the L level), and the starting transistor Q5 enters the off state. 

[0101] Since the compensation transistor Q4 is in the on state and the starting 
transistor Q5 is in the off state, the current of the power voltage VOEL flows into the gate of 
the driving transistor Ql and boosts the potential of the gate. When the voltage placed on the 
gate is boosted to voltage Vg (=VOEL-Vth) obtained by subtracting the threshold voltage 
Vth of the driving transistor Ql from the power voltage VOEL, the driving transistor Ql is 
turned off. 

[0102] The compensation transistor Q4 enters the off state when the scan signal 
SCn2 of the second sub-scan line Yn2 is shifted to the L level. At this moment, the voltage 
Vg (=VOEL-Vth) placed on the gate of the driving transistor Ql is maintained. 

[0103] After the voltage Vg (=VOEL-Vth) is held in the gate of the driving 
transistor Ql, an analog data voltage VANDATAm (<VOEL) is transmitted from the data 
line Xm. At this time, the driving transistor Ql and the compensation transistor Q4 are in the 
off state. Therefore, the gate side of the driving transistor Ql of the capacitor C2 is in a 
floating state. Subsequently, the voltage Vg held in the gate of the driving transistor Ql 
decreases according to the analog data voltage VANDATAm due to the capacitive coupling 
between the capacitor C2 and the holding capacitor CI. In this state, the scan signal SCnl of 
the first sub-scan line Ynl is shifted to the L level, and the switching transistor Q2 is turned 
off. Since the switching transistor Q2 is turned off, the voltage Vg held in the gate of the 
driving transistor Ql is maintained at the level of the potential that dropped according to the 
analog data voltage VANDATAm. 

[0104] Then, an H-level scan signal SCn3 is output from the third sub-scan line 
Yn3, and the starting transistor Q5 enters the on state. Since the starting transistor Q5 is 
turned on, the driving transistor Ql enters the conduction state corresponding to the value of 
this analog-data voltage VANDATAm. Further, a drive current corresponding to the analog 



15 

data voltage VANDATAm is transmitted to the organic EL element 21. The organic EL 
element 21 emits light with luminance corresponding to the analog data voltage 
VANDATAm. 

[0105] The scan-line driving circuit 12 selects one from among the plurality of scan 
lines Yl to Yn. That is to say, the scan-line driving circuit 12 is a circuit that outputs a scan 
signal and drives a group of pixel circuits 20 connected to the selected scan line. The scan- 
line driving circuit 12 outputs scan signals SCI to SCn to the scan lines Yl to Yn in 
predetermined timing, respectively, based on various types of signals transmitted from the 
control circuit 14. 

[0106] More specifically, according to the above-described gray-scale modulation 
method, two-level data voltages are written into the pixel circuits 20 corresponding to one of 
the scan lines that are selected in sequence. At the same instant, transmission of currents with 
a level corresponding to the two-level data voltages to the organic EL elements 21 is started. 
Then, after the predetermined time elapsed, the current transmission to the organic EL 
elements 21 is stopped. In this case, groups of the pixel circuits on the scan lines Yl to Yn 
need to be driven in sequence in the sub frames SF1 to SF6. Therefore, the scan-line driving 
circuit 12 generates and outputs the scan signals SCI to SCn for selecting the scan lines Yl to 
Yn in sequence in the period of sub frames SF1 to SF6, so as to display an image 
corresponding to the one frame. When the predetermined time (a light-emission time) 
elapses after the scan- line driving circuit 12 outputs the scan signals SCI to SCn to the scan 
lines Yl to Yn, the scan signals SCI to SCn corresponding thereto, respectively, the scan-line 
driving circuit 12 outputs reset signals SREST1 to SRESTn to the corresponding scan lines 
Yl to Yn, respectively. tJ^ .-ft-tr- *^or <k 

[0107] Thnt^ffTTrurin^fcit is arranged that the organic EL elements 21 emit light only 
in the light-emission time periods TL1 to TL6 in the sub frames SF1 to SF6, respectively. 

[0108] In the case where the above-described analog-gray-scale-modulation method 
is applied, the scan-line driving circuit 12 outputs the scan signals SCI to SCn to the scan 
lines Yl to Yn in the predetermined timing, based on the various types of signals transmitted 
from the control circuit 14. 

[0109] As shown in FIG. 2, the data-line driving circuit 13 has a digital-data- 
voltage output circuit 13a functioning as a first data- voltage output circuit and an analog- 
data- voltage output circuit 13b functioning as a second data-voltage output circuit for each of 
the data lines XI to Xm. 
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[0110] When the digital-data voltages VDGDATA1 to VDGDATAm are input 
from the control circuit 14 to the digital-data- voltage output circuit 13 a, the digital-data- 
voltage output circuit 13a outputs the digital-data voltages VDGDATA1 to VDGDATAm to 
the corresponding data lines XI to Xm via the first switch Ql 1, in synchronization with the 
scan signals SCI to SCn. Further, when the analog-data voltages VANDATA1 to 

V AND AT Am are input from the control circuit 14 to the analog-data- voltage output circuit 
13b, the analog-data- voltage output circuit 13b outputs the analog-data voltages 

V AND AT A 1 to V AND AT Am to the corresponding data lines XI to Xm via the second 
switch Q12, in synchronization with the scan signals SCI to SCn. 

[0111] The first switch Ql 1 and the second switch Q12 select either the digital-data 
voltages VDGDATA1 to VDGDATAm or the analog-data voltages V AND AT A 1 to 

V AND AT Am and output them to the data lines XI to Xm. Each of these switches is formed 
of an N-channel FET. When a first control signal SGI is input from the control circuit 14 to 
a gate terminal of the first switch Ql 1, the first switch Ql 1 is turned on. Then, the first 
switch Ql 1 outputs the digital-data voltages VDGDATA1 to VDGDATAm to the data lines 
XI to Xm. When a second control signal SG2 is input from the control circuit 14 to a gate 
terminal of the second switch Q12, the second switch Q12 is turned on. Then, the second 
switch Q12 outputs the analog-data voltages VANDATA1 to V AND AT Am to the data lines 
XI to Xm. ^ ^ ^ ar ^j 

[0112] Bias vptfages (the power voltages VOEL) are transmitted to the data lines 
XI to Xm when the digital-data voltages VDGDATA1 to VDGDATAm and the analog-data 
voltages V AND AT A Mo VANDATAm are not transmitted thereto. 

[0113] That io*to cay ^ when the scan-line driving circuit 12 outputs a scan signal to 
one of the scan lines, the data- line driving circuit 13 outputs the digital-data voltages 
VDGDATA1 to VDGDATAm to the pixel circuits 20 on the selected scan line in the case 
where the digital-gray-scale modulation is performed. In the case where the analog- gray- 
scale modulation is performed, the data-line driving circuit 13 outputs the analog-data- 
voltages VANDATA1 to VANDAT^n to the pixel circuits 20 on the selected scan line. 

[0114] Upon receiving image data D from an external device (not shown), the 
control circuit 14 functioning asfcontrol mesas, a two-level-data-voltage generation circuit, 
and a multilevel-data- voltage generation circuit determines whether the gray scale should be 
controlled according to the digital-gray-scale-modulation method or the analog-gray-scale- 
modulation method, based on the image data D. 
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[0115] In this embodiment, if the image data D is first display data for producing a 
freeze-frame picture display^swjh as a character display, the gray scale is controlled according 
to the digital-gray-scale-modfilation method. However, if the image data D is second display 
data for producing a display for moving images, a movie, and so forth, the gray scale is 
controlled according to the analog-gray-scale-modulation method. That is to say, the control 
circuit 14 controls the scan- line driving circuit 12 and the data-line driving circuit 13 so that 
the digital-gray-scale-modulation method (the time-ratio gray-scale modulation method) is 
used in the case where significantly high display quality is unnecessary, for example, in the 
case where a freeze-frame picture display is produced, and the analog-gray-scale-modulation 
method is used in the case where high display quality is needed, for example, in the case 
where a moving-image display is produced. 

[0116] In the case where the time-ratio gray-scale-modulation method is used, the 
control circuit 14 divides one frame of the image data D into six sub frames and presents one 
image in 64 gray scale through the organic EL display 10, by using the divided six sub frames 
SF1 to SF6. 

[01 17] The control circuit 14 generates the digital data VDGDATA1 to 
VDGDATAm for the image data D corresponding to one frame, the digital data 
corresponding to the first to sixth sub frames SF1 to SF6, for the data-line driving circuit 13. 
The digital data VDGDATA1 to VDGDATAm is transmitted to the pixel circuits 20 on the 
scan lines Yl to Yn. 

[0118] At this time, the control circuit 14 generates digital data VDGDATA1 to 
VDGDATAm for presenting one-level gray scale in the first sub frame SF1, digital data 
VDGDATA1 to VDGDATAm for presenting two-level gray scale in the second sub frame 
SF2, and digital data VDGDATA1 to VDGDATAm for presenting four-level gray scale in 
the third sub frame SF3, respectively. Further, the control circuit 14 generates digital data 
VDGDATA1 to VDGDATAm for presenting eight-level gray scale in the fourth sub frame 
SF4 and digital data VDGDATA1 to VDGDATAm for presenting sixteen-level gray scale in 
the fifth sub frame SF5, respectively. Further, the control circuit 14 generates digital data 
VDGDATA1 to VDGDATAm for presenting thirty-two-level gray scale in the sixth sub 
frame SF6. 

[0119] The digital data VDGDATA1 to VDGDATAm in the first to sixth sub 
frames SF1 to SF6 is output to the digital-data- voltage output circuit 13a of the data- line 
driving circuit 13 in predetermined timing. At this time, the control circuit 14 outputs a first 
control signal SGI to the first switch Ql 1 of the data-line driving circuit 13. 
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[0120] In the case where the digital-gray-scale modulation is performed, the control 
circuit 14 controls the timing of making the scan-line driving circuit 12 sequentially output 
the scan signals SCn (SCnl to SCn3) for selecting the scan lines in sequence and controlling 
the pixel circuits 20, the scan signals being generated in the scan-line driving circuit 12. 

[0121] Further, the control circuit 14 controls the timing of making the scan-line 
driving circuit 12 sequentially output reset signals SREST1 to SRESTn in the sub frames SF1 
to SF6 to the scan lines Yl to Yn. Incidentally, in the first sub frame SF1, the scan-line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after a time TL1 elapsed 
since the scan signals SCI to SCn were output. In the second sub frame SF2, the scan-line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after a time TL2 (=2xTLl) 
elapsed since the scan signal SCnl was output. In the third sub frame SF3, the scan-line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after a time TL3 (=4xTLl) 
elapsed since the scan signal SCnl was output. In the fourth sub frame SF4, the scan-line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after a time TL4 (=8xTLl) 
elapsed since the scan signal SCnl was output. In the fifth sub frame SF5, the scan-line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after a time TL5 (=16xTLl) 
elapsed since the scan signal SCnl was output. In the sixth sub frame SF6, the scan- line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after a time TL6 (=32xTLl) 
elapsed since the scan signal SCnl was output. 

[0122] In the case where the analog- gray-scale modulation is performed, the control 
circuit 14 generates analog-data voltages VANDATA1 to V AND AT Am, based on image 
data D corresponding to one frame, for each of the scan lines Yl to Yn that are selected in 
sequence. The analog-data voltages VANDATA1 to VANDATAm is transmitted to the pixel 
circuits 20 connected to the scan lines Yl to Yn. Subsequently, the image data D is presented 
through the organic EL display 10. The control circuit 14 outputs the generated analog-data 
voltages V AND AT A 1 to VANDATAm to the analog-data- voltage output circuit 13b of the 
data-line driving circuit 1 3 in predetermined timing. At the same instant, the control circuit 
14 outputs a second control signal SG2 to the second switch Q12 of the data-line driving 
circuit 13. 

[0123] In the case where the analog- gray-scale modulation is performed, the control 
circuit 14 controls the timing of making the scan-line driving circuit 12 sequentially output 
the scan signals SCn (SCnl to SCn3) for selecting the scan lines in sequence and controlling 
the pixel circuits 20 on the selected scan lines, the scan signals being generated in the scan- 
line driving circuit 12. 
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[0124] The operation of the above-described organic EL display 10 will now be 
described. 

[0125] Upon receiving the image data D from the external device, the control 
circuit 14 determines whether the image data D is freeze-image data or moving-image data. 
If the image data D is the freeze-image data, the organic EL display 10 enters digital-gray- 
scale-modulation mode. If the image data D is the moving-image data, the organic EL 
display 10 enters analog-gray-scale-modulation mode. 



[0126] First, the digital-gray-scale-modulation mode will be described. The control 
circuit 14 generates digital data VDGDATA1 to VDGDATAm for the image data D 
corresponding to one frame, the digital data corresponding to the first to sixth sub frames SF1 
to SF6, for the data-line driving circuit 13. The digital data VDGDATA1 to VDGDATAm is 
transmitted to the pixel circuits 20 on the scan lines Yl to Yn. The digital data VDGDATA1 
to VDGDATAm in the first to sixth sub frames SF1 to SF6 is output to the digital-data- 
voltage output circuit 13a of the data-line driving circuit 13 in predetermined timing. At this 
time, the control circuit 14 outputs a first control signal SGI to the first switch Ql 1 of the 
data-line driving circuit 13. 

[0127] Further, the control circuit 14 controls the timing of making the scan-line 
driving circuit 12 sequentially output the scan signals SCn (SCnl to SCn3) for selecting the 
scan lines in sequence and controlling the pixel circuits 20, the scan signals being generated 
in the scan-line driving circuit 12. Further, the control circuit 14 controls the timing of 
making the scan- line driving circuit 12 sequentially output reset signals SREST1 to SRESTn 
in the sub frames SF1 to SF6 to the scan lines Yl to Yn. 

[0128] Then, the scan-line driving circuit 12 outputs the scan signals SCn (SCnl to 
SCn3) for the first sub frame SF1 in sequence and selects the scan lines Yn in sequence. 

[0129] Further, the scan-line driving circuit 12 outputs the reset signals SRESTn 
after the time TL1 elapsed since the scan signals SCn were output. 

[0130] Every time each of the scan lines Yn is selected, the data-line driving circuit 
13 outputs the digital data VDGDATA1 to VDGDATAm in the first sub frame SF1 in 
sequence to the pixel circuits 20 on the selected scan line. Therefore, the pixel circuits 20 on 
the selected scan line operate (emit light or go out), based on the digital data VDGDATA1 to 
VDGDATAm. The pixel circuits 20 go out in response to the reset signals SRESTn after the 
time TL1 elapsed. 
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[0131] When the last transmission of the digital data VDGDATA1 to VDGDATAm 
in the first sub frame SF1 to the pixel circuits 20 on the scan lines Yl to Yn is finished, the 
scan-line driving circuit 12 outputs the scan signals SCn (SCnl to SCn3) for the second sub 
frame in sequence and selects the scan lines Yl to Yn in sequence. Further, the scan- line 
driving circuit 12 outputs the reset signals SREST1 to SRESTn after the time TL2 (=2xTLl) 
elapsed since the scan signals SCn were output. 

[0132] As in the above-described case, the data-line driving circuit 13 outputs the 
digital-data voltages VDGDATA1 to VDGDATAm in the second sub frame SF2 in sequence 
to the pixel circuits 20 on the selected scan lines. Therefore, the pixel circuits 20 on the 
selected scan lines operate (emit light or go out), based on the digital-data voltages 
VDGDATA1 to VDGDATAm, as in the above-described case. Further, the pixel circuits 20 
go out in response to the reset signals SRESTn after the time TL2 elapsed. 

[0133] The same operations as in the above-described case are repeated in the third 
to sixth sub frames SF3 to SF6, so that a display of an image corresponding to one frame is 
produced. When the operation for producing the display of the image corresponding to one 
frame is finished, operations for producing a display of an image for the next frame are 
performed as in the above-described manner. 

l(^ak>g^ay^e^ — 

[0134] The analog- gray-scale-modulation mode will be described below. The 
control circuit 14 generates the analog-data voltages VANDATA1 to VANDATAm for the 
pixel circuits 20 connected to the scan lines Yl to Yn. The scan lines Yl to Yn are selected 
in sequence, based on the image data D corresponding to one frame. The analog-data 
voltages V AND AT A 1 to VANDATAm are generated for each of the scan lines Yl to Yn. 
The control circuit 14 outputs the generated analog-data- voltages V AND AT A 1 to 
VANDATAm to the analog-data- voltage output circuit 13b of the data-line driving circuit 13 
in predetermined timing. At this time, the control circuit 14 outputs the second control signal 
SG2 to the second switch Q12 of the data- line driving circuit 13. Further, the control circuit 
14 controls the timing of making the scan- line driving circuit 12 sequentially output the scan 
signals SCn (SCnl to SCn3) for selecting the scan lines in sequence and controlling the pixel 
circuits 20 on the selected scan lines, the scan signals being generated in the scan-line driving 
circuit 12. 

[0135] Then, the scan-line driving circuit 12 outputs the scan signals SCn (SCnl to 
SCn3) in sequence and selects the scan lines Yl to Yn in sequence. Every time each of the 
scan lines Yl to Yn is selected, the data-line driving circuit 13 outputs the analog-data- 
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voltages V AND AT A 1 to V AND AT Am in sequence to the pixel circuits 20 on the selected 
scan line. Therefore, the organic EL element 21 of each of the pixel circuits 20 on the 
selected scan line emits light with luminance corresponding to the analog-data voltages 
V AND AT A 1 to V AND AT Am. 

[0136] The characteristic of the above-described organic EL display 10 will be 
described below. 

[0137] According to the embodiment, the gray scale is presented by the digital- 
gray-scale modulation for producing a freeze-frame picture display. The gray scale can also 
be presented by the analog-gray-scale modulation for producing a moving-image display. 
However, in the case where a high-quality freeze-frame picture display is required, the gray 
scale can be presented by the analog-gray-scale modulation. Further, in the case where a 
high-quality moving image picture display is required, the gray scale can be presented by the 
digital-gray-scale modulation. 

[0138] Further, the gray scale can be presented by the digital-gray-scale modulation 
for producing a character-image display, and the gray scale can also be presented by the 
analog-gray-scale modulation for producing an image display. That is to say, the gray scale 
is presented by the digital-gray-scale modulation, which requires low power consumption, in 
the case where high quality is unnecessary. On the other hand, the gray scale is presented by 
the analog-gray-scale modulation in the case where high quality is required. 

[0139] Accordingly, the organic EL display 10 requires a small amount of electrical 
power and achieves adequate display quality. 

l/fyfa£y&%*^^ — 

[0140] A second embodiment of the present invention will now be described with 
reference to FIG. 6. Each pixel circuit 20 according to this embodiment, the pixel circuit 20 
functioning as an electronic circuit and/or a unit circuit, is different from that of the first 
embodiment. The difference will now be described in detail. 

[0141] As shown in FIG. 6, the pixel circuit 20 of this embodiment, which is 
different from that of the first embodiment, does not have the compensation transistor Q4, the 
starting transistor Q5, and the capacitor C2. That is to say, the drain of the driving transistor 
Ql is connected to the anode of the organic EL element 21, and the cathode of the organic EL 
element 21 is grounded. The source of the driving transistor Ql is connected to the power 
line LI to which the power voltage VOEL is transmitted. The holding capacitor CI is 
connected between the gate of the driving transistor Ql and the power line LI. 



22 



[0142] The gate of the driving transistor Ql is connected to the data line Xm via the 
switching transistor Q2. The gate of the switching transistor Q2 is connected to the first sub- 
scan line Ynl forming the scan line Yn. The first scan signals SCnl are input from the first 
sub-scan line Ynl. The resetting transistor Q3 is connected in parallel to the holding 
capacitor CI. The gate of the resetting transistor Q3 is connected to the fourth sub-scan line 
Yn4 forming the scan line Yn. The reset signal SRESTn is input from the fourth sub-scan 
line Yn4. " J> 



[0143] ^ Therefore, in this embodiment, the scan line Yn is formed of the first sub- 
scan line Ynl and the fourth sub-scan line Yn4. The second sub-scan line Yn2 and the third 
sub-scan line Yn3 are omitted. 

[0144] In this pixel circuit 20, when the digital-gray-scale modulation is performed, 
the scan signal SCnl is output to the first sub-scan line Ynl, and the switching transistor Q2 
enters the on state. When the switching transistor Q2 enters the on state, an electrical-charge 
amount according to the digital data VDGDATAm is transmitted from the digital-data- 
voltage output circuit 13a and accumulated in the holding capacitor CI via the data line Xm. 
The value of the digital data VDGDATAm is at either the "L level" or the "H level". 

[0145] The driving transistor Ql is controlled so as to be in the on state or the off 
state according to the nature of the accumulated digital data VDGDATAm. When the driving 
transistor Ql is in the on state, a drive current is transmitted to the organic EL element 21, 



[0146] ^-Conversely, when the driving transistor Ql is in the off state, the drive- 
current transmission is stopped, and the organic EL element 21 stops emitting light. 

[0147] Then, the reset signal SRESTn is output to the fourth sub-scan line Yn4, and 
the resetting transistor Q3 is shifted from the off state to the on state. When the resetting 
transistor Q3 is in the on state, the power voltage VOEL is applied from the power line LI to 
the holding capacitor CI via the resetting transistor Q3. Subsequently, the previous digital 
data VDGDATAm is erased and the potential of the gate of the driving transistor Ql 
becomes the potential of the power voltage VOEL. That is to say, the holding capacitor CI is 
reset. ^ 



[0148] N Therefore, in the case where the time-ratio gray-scale modulation that is the 
same as that in the first embodiment is performed, the time periods TL1 to TL6 where the 
organic EL element 21 of each pixel circuit 20 emits light is a time period from when the 
scan signal SCnl is output until the reset signal SRESTn is output. 




and the organic EL element 21 emits light 
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[0149] In the pixel circuit 20, in the case where the analog-gray-scale modulation is 
performed by rendering the voltage between the gate and source of the driving transistor Ql 
as the threshold voltage of the transistor Ql for driving, the resetting transistor Q3 is kept in 
the non-conduction state, based on the reset signal SRESTn. Then, the first scan signal SCnl 
for having on-and-off control over the switching transistor Q2 in predetermined timing is 
output. Subsequently, a gray-scale image produced by the analog-gray-scale modulation can 
be presented. ^ o^ns- ^ r ^ 

[0150] ^Ptrart^TO-say, when the scan signal SCnl is output to the first sub-scan line 
Ynl, the switching transistor Q2 enters the on state. When the switching transistor Q2 is in 
the on state, an electrical-charge amount according to the analog-data- voltage VANDATAm 
is transmitted from the analog-data- voltage output circuit 13b and accumulated in the holding 
capacitor CI via the data line Xm. The driving transistor Ql enters a conduction state 
corresponding to the value of the analog-data voltage VANDATAM accumulated in this 
holding capacitor CI. A drive current corresponding to the conduction state of the driving 
transistor Ql is transmitted to the organic EL element 21. Then, the organic EL element 21 
emits light with luminance corresponding to the analog-data voltage VANDATAm. 

[0151] In the pixel circuit 20 of this embodiment, the gray scale is presented by the 
digital-gray-scale modulation for producing a freeze-frame picture display. The gray scale 
can also be presented by the analog-gray-scale modulation for producing a moving-image 
display. However, in the case where a high-quality freeze-frame picture display is required, 
the gray scale can be presented by the analog-gray-scale modulation. Further, in the case 
where a moving image picture display is required, the gray scale can be presented by the 
digital-gray-scale modulation. Further, the gray scale can be presented according to the 
digital-gray-scale modulation for producing a character-image display, and the gray scale can 
also be presented according to the analog-gray-scale modulation for producing an image 
display. That is to say, the gray scale is presented by the digital-gray-scale modulation, 
which requires low power consumption, in the case where high display quality is 
unnecessary. On the other hand, the gray scale is presented by the analog-gray-scale 
modulation in the case where high display quality is required. Accordingly, the organic EL 
display 10 formed of the pixel circuit 20 of this embodiment requires a small amount of 
electrical power and achieves adequate display quality. 

]^y r \^jp*i^^ — - 

^ [0152] A third embodiment of the present invention will now be described with 

reference to FIG. 7. Each pixel circuit 20 according to this embodiment, the pixel circuit 20 



24 



functioning as an electronic circuit and/or a unit circuit, is different from that of the first 
embodiment. Therefore, the difference will now be described in detail. 

[0153] As shown in FIG. 7, the pixel circuit 20 of this embodiment, which is 
different from that of the first embodiment, does not have the compensation transistor Q4 and 
the starting transistor Q5. That is to say, the drain of the driving transistor Ql is connected to 
the anode of the organic EL element 21, and the cathode of the organic EL element 21 is 
grounded. The source of the driving transistor Ql is connected to the power line LI to which 
the power voltage VOEL is transmitted. The holding capacitor CI is connected between the 
gate of the driving transistor Ql and the power line LI . 

[0154] The gate of the driving transistor Ql is connected to the data line Xm via the 
switching transistor Q2. The gate of the switching transistor Q2 is connected to the first sub- 
scan line Ynl forming the scan line Yn. The first scan signals SCnl are input from the first 
sub-scan line Ynl. 

[0155] The source of the resetting transistor Q3 is connected to the power line LI 
and the gate thereof is connected to the fourth sub-scan line Yn4 forming the scan line Yn. 
The drain of the resetting transistor Q3 is connected to the source of the compensation 
transistor Q6 formed of a P-channel transistor. The drain of the compensation transistor Q6 
is connected to the gate of the driving transistor Ql. The gate and drain of the compensation 
transistor Ql are connected to each other. That is to say, the gate and drain are diode- 
connected. 

[0156] In this pixel circuit 20, in the case where the digital-gray-scale modulation is 
performed and the resetting transistor Q3 is in the off state, the switching transistor Q2 enters 
the on state when the H-level scan signal SCnl is output to the first sub-scan line Ynl. When 
the switching transistor Q2 enters the on state, an electrical-charge amount corresponding to 
the digital data VDGDATAm is transmitted from the digital-data- voltage output circuit 13a 
and accumulated in the holding capacitor CI via the data line Xm. The value of the digital 
data VDGDATAm is at either the "L level" or the "H level". 

[0157] The driving transistor Ql is controlled so as to be in the on state or the off 
state according to the nature of the accumulated digital data VDGDATAm. When the driving 
transistor Ql is in the on state, a drive current is transmitted to the organic EL element 21, 



[0158] T Conversely, when tne driving transistor Ql is in the off state, the drive- 
current transmission is stopped, and the organic EL element 21 stops emitting light. 



and the organic EL element 21 emits light. 
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[0159] Then, the reset signal SRESTn is output to the fourth sub-scan line Yn4, and 
the resetting transistor Q3 is shifted from the off state to the on state. When the resetting 
transistor Q3 is in the on state, the power voltage VOEL is applied from the power line LI to 
the compensation transistor Q6 via the resetting transistor Q3, and the compensation 
transistor Q6 is turned on. Since the compensation transistor Q6 is turned on, the value of the 
gate voltage of the driving transistor Ql becomes equivalent to that of a voltage obtained by 
subtracting the threshold voltage of the compensation transistor Q6 from the power voltage 
VOEL. That is to say, in the case where the driving transistor Ql is turned on, based on the 
nature of the digital data VDGDATAm, and the organic EL element 21 emits light by the 
drive current transmitted thereto, the gate voltage of the driving transistor Ql increases. 

[0160] That is to say, the holding capacitor CI is reset, the driving transistor Ql is 
turned off, and the organic EL element 21 stops emitting light. ^ " 

[0161] ^Therefore, in the case where the time-ratio gray-scale modulation that is the 
same as that in the above described embodiment is performed, the time periods TL1 to TL6 
where the organic EL element 21 of each pixel circuit 20 emits light is a time period from 
when the scan signal SCnl is output until the reset signal SRESTn is output. 

[0162] In the pixel circuit 20, in the case where the analog- gray-scale modulation is 
performed by rendering the voltage between the gate and source of the driving transistor Ql 
as the threshold voltage of the transistor Ql for driving, the scan signal SCnl is output to the 
first sub-scan line Ynl . Then, the switching transistor Q2 enters the on state. At this instant, 
the bias voltage (=VOEL) on the data line Xm is applied to the capacitor C2 via the switching 
transistor Q2. 

[0163] Subsequently, the H-level reset signal SRESTn is output to the fourth sub- 
scan line Yn4, and the resetting transistor Q3 enters the on state. When the resetting 
transistor Q3 enters the on state, the power voltage VOEL is applied to the compensation 
transistor Q6 via the resetting transistor Q3, whereby the compensation transistor Q6 is 
turned on. Subsequently, the value of the gate voltage of the driving transistor Ql is boosted 
to that of the threshold voltage (Vth) of the compensation transistor Q6, whereby the driving 
transistor Ql is turned off 

[0164] When the reset signal SRESTn is erased, the resetting transistor Q3 enters 
the off state. At this instant, the voltage Vg (=VOEL-Vth) on the gate of the driving 
transistor Ql is maintained. 

[0165] When the voltage Vg (=VOEL-Vth) in the gate of the driving transistor Ql 
is maintained, the analog-data voltage VANDATAm (<VOEL) is supplied from the data line 
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Xm. Since the driving transistor Ql and the resetting transistor Q3 are in the off state, the 
gate side of the driving transistor Ql of the capacitor C2 is in the floating state. 
Subsequently, the voltage Vg in the gate of the driving transistor Ql decreases according to 
the analog-data voltage VANDATAm due to the capacitive coupling between the capacitor 
C2 and the holding capacitor CI. 

[0166] In this state, the scan signal SCnl on the first sub-scan line Ynl is lost and 
the switching transistor Q2 is turned off. Since the switching transistor Q2 is turned off, the" 
capacitor C2 enters the floating state, and the voltage Vg in the gate of the driving transistor 
Ql is maintained at the level of the potential that decreased according to the analog-data 
voltage VANDATAm. 

[0167] Subsequently, the driving transistor Ql enters the conduction state 
corresponding to the value of this analog-data voltage VANDATAm, and a drive current 
corresponding to the analog-data voltage VANDATAm is applied to the organic EL element 
21. The organic EL element 21 emits light with luminance corresponding to the analog-data 
voltage VANDATAm and keeps emitting light until the next light-emission operation. 

[0168] In the pixel circuit 20 of this embodiment, the gray scale is presented by the 
digital-gray-scale modulation for producing a freeze-frame picture display. The gray scale 
can also be presented by the analog-gray-scale modulation for producing a moving-image 
display. However, in the case where a high-quality freeze-frame picture display is required, 
the gray scale can be presented by the analog-gray-scale modulation. Further, in the case 
where a high-quality moving image picture display is required, the gray scale can be 
presented by the digital-gray-scale modulation. Further, the gray scale can be presented by 
the digital-gray-scale modulation for producing a character-image display, and the gray scale 
can also be presented by the analog-gray-scale modulation for producing an image display. 
That is to say, the gray scale is presented by the digital- gray-scale modulation, which requires 
low power consumption, in the case where high display quality is unnecessary. On the other 
hand, the gray scale is presented by the analog-gray-scale modulation in the case where high 
display quality is required. Accordingly, the organic EL display 10 formed of the pixel 
circuit 20 of this embodiment requires a small amount of electrical power for achieving 
adequate display quality. 
\Z\^Fpig^^ ■ " _ 

[0169] An electronic apparatus having the organic EL display 10 of the first 
embodiment mounted thereon, the organic EL display 10 functioning as the electro-optical 
device, will now be described with reference to FIGs. 8 and 9. The organic EL display 10 
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can be used for various kinds of electronic apparatuses such as a mobile personal computer, a 
mobile phone, a digital camera, and so forth. 

[0170] FIG. 8 is a perspective view of a mobile personal computer 60 having a 
main body 62 with a key board 61, and a display unit 63 using the organic EL display 10. In 
this case, the display unit 63 using the organic EL display 10 has the same effects as those in 
the above-described embodiments. Therefore, the personal computer 60 requires a small 
amount of electrical power for achieving adequate display quality. 

[0171] FIG. 9 is a perspective view of a mobile phone 70 having a plurality of 
operation buttons 71, reception ports 72, a transmission port 73, and a display unit 74 using 
the organic EL display 10. In this case, the display unit 74 using the organic EL display 10 
has the same effects as those in the above-described embodiments. Therefore, the mobile 
phone 70 requires a small amount of electrical power for achieving adequate display quality. 



[0173] In the first to third embodiments, as shown in FIGs. 1, 6, and 7, the digital- 
data voltage VDGDATAm and the analog-data voltage VANDATAm are transmitted to the 
holding capacitor CI via the switching transistor Q2. As shown in FIGs. 10, 11, and 12, the 
data line Xm is formed of a first sub-data line Xml and a second sub-data line Xm2. The 
first sub-data line Xml is connected to the digital-data- voltage output circuit 13a via the first 
switch Ql 1, and the second sub-data line Xm2 is connected to the analog-data- voltage output 
circuit 13b via the second switch Q12. The first sub-data line Xml is connected to a first 
switching transistor Q2a and the second sub-data line Xm2 is connected to a second 
switching transistor Q2b. 

[0174] In this state, the first switching transistor Q2a is turned on and the digital- 
data voltage VDGDATAm is transmitted from the digital-data- voltage output circuit 13a to 
the holding capacitor CI. Further, the second switching transistor Q2b is turned on and the 
analog-data voltage VANDATAm is transmitted from the analog-data-voltage output circuit 
13b to the holding capacitor CI . 

[0175] That is to say, the digital-data voltage VDGDATAm and the analog-data 
voltage VANDATAm may be transmitted to the holding capacitor CI via different 
transistors, that is, the first switching transistor Q2a and the second switching transistor Q2b, 
respectively. ^ ^> 



[0176] ^In this case, the same effects as those in the first to third embodiments can 
be obtained. 



[0172] 
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[0177] In the first embodiment, the digital-gray-scale modulation is performed as 
the time-ratio gray-scale modulation. That is to say, the two-level-data voltage is written into 
the pixel circuit 20 corresponding to one of the scan lines selected in sequence. At the same 
instant, the current having the level corresponding to the two-level data voltage is supplied to 
the organic EL element 21. After a predetermined time period elapsed, the current supply to 
the organic EL element 21 is stopped. However, the digital-gray-scale modulation may be 
performed according to a simultaneous light-emission method. In another case, an area-gray- 
scale modulation may be performed as the digital-gray-scale modulation. In this case, each 
of the pixel circuits 20 is rendered as one sub pixel, and a plurality of the sub pixels is 
grouped. In the case where the digital-gray-scale modulation is performed, a suitable number 
of the grouped sub pixels are controlled so as to be in a non-light-emission state or in a light- 
emission state for presenting the gray scale. 

[0178] According to the first embodiment, the reset signal SRESTn is input to the 
gate of the resetting transistor Q3 via the fourth sub-scan line Yn4. Subsequently, the two- 
level data voltage VDGDATAm held in the holding capacitor CI is reset. In the first 
embodiment, the time-ratio gray-scale modulation is performed. 

[0179] In this embodiment, however, the fourth sub-scan line Yn4 is omitted. 
Further, the N-channel FET forming the resetting transistor Q3 is changed into the P-channel 
FET. The gate of the resetting transistor Q3 formed of this P-channel FET is connected to the 
first sub-scan line Ynl. The value of the first scan signal SCnl output to the first sub-scan 
line Ynl is rendered tertiary. That is to say, the potential of the first scan signal SCnl can be 
plus so that only the switching transistor Q2 becomes conductive, zero so that both the 
switching transistor Q2 and the resetting transistor Q3 become non-conductive, and minus so 
that only the resetting transistor Q3 becomes conductive. 

[0180] In this case, therefore, the same effects as those in the above-described 
embodiments can be obtained. Further, the size of the pixel circuit 20 can be miniaturized 
and the aperture ratio thereof increases by the space for the omitted fourth sub-scan line Yn4. 

[0181] In the first embodiment, where the time-ratio gray-scale modulation is 
performed, resetting is performed after the predetermined time by using the resetting 
transistor Q3. This method can be used for another type of time-ratio gray-scale modulation 
described below. That is to say, for writing a data voltage into all the pixel circuits 20, a 
reverse bias voltage is applied to the counter-electrode (the cathode) side of the organic EL 
element 21. After the data- voltage writing is finished, a forward bias voltage is applied to the 
counter-electrode side of the organic EL element 21, whereby a current with a level 
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corresponding to the data voltage is transmitted. After a predetermined time elapsed, another 
reverse bias voltage is applied to the counter-electrode side of the organic EL element 21, 
whereby resetting is performed. 

[0182] In the above-described embodiments, the suitable effects are obtained by 
using the pixel circuit 20 as the electronic circuit. However, the electronic circuit may drive 
another light-emission element other than the organic EL element 21 . That is to say, the 
electronic circuit may drive an LED, an FED, and so forth. 

[0183] Although the organic EL element 21 has been used in the above-described 
embodiments, an inorganic EL element may be used. That is to say, an inorganic EL display 
including the inorganic EL element may be used. 




[0184] According to the present invention, adequate display quality can be achieved 
by a small amount of electrical power. 



